The class of faster firing neurons in the superior central raphe (CES) was examined in freely behaving rats, during various motor movements as well as SWS and PS. These non-serotonergic raphe neurons fired slowly during SWS (5.9/s ; mean) and immobility or quiet waking (7.5/s), more frequently during PS (12.8/s), and the most frequently during other various motor behaviors (16.6/s). The CES units tended to fire in bursts during the "twitch periods" of PS, i. e., a kind of movement phase of PS. During various movements, two major types of firing were observed. Type A units had a significantly higher firing rate during Type I behaviors than Type II behaviors according to Vanderwolf's classification. Type B units showed no difference in the firing rate between the two types of behaviors, but, for both types of behaviors, Type B units had a higher firing rate during vigorous movements. These two types of CES neurons equally had a few to several neural discharges in burst firing at the onset of behaviors. The present results suggest a possibility that the faster firing CES neurons may play a role in initiation of behaviors.
The midbrain raphe nuclei of the reticular formaion (RF) is well known as a place containing serotonin rich neural bodies (Palkovits, Brownstein, & Saavedra, 1974) . The physiological function of the area has been thought to control of slow wave sleep (SWS) (Jouvet, 1969) . These raphe neurons, in general, discharge at a slow and regular rate, but highest during waking.
Their firing rates gradually decrease with the advancement of sleeping to attain their lowest firing during paradoxical sleep ( PS) ( Aghajanian, Wang, & Baraban, 1978 ; Park, 1987 ; Rasmussen, Heym, & Jacobs, 1984 ; Trulson & Trulson, 1986 ) .
However, there are many indications that the RF is not selective for sleep-waking, but rather for motor activity or locomotor control.
Findings suggesting that the midbrain RF would primarily be associated with concurrent motor behavior, have been shown by some earlier workers. For example, Schwartzbaum (1975) reported that multiunit activity of the RF changes in relation to the immediate properties of the behavior. Malmo and Malmo (1977) also reported that multiunit of the dorsal midbrain RF declined with a decrease of movement. Neurons in the gigantocellular field of the pontine RF displayed a high firing during waking with head movements or other movements, as well as in paradoxical sleep (Vertes, 1977) . The raphe nuclei is no exception to this rule of importance in concurrent motor behaviors.
Electrolytic lesions of the nucleus centralis superior (CES, or the median nucleus) of raphe have been shown to produce a wide spectrum of changes in both spontaneously occurring and learned behaviors (Asin, Wirtshafter, & Kent, 1979a ; Asin, Wirtshafter, & Kent, 1979b ; Asin, Wirtshafter, & Kent, 1980) . Pronounced increase in locomotor activity by the lesion is the best documented effect, and is apparent in the open field test, tilt cage test and photocell cage as well as in the animal's home cage (Asin et al., 1979a ; Jacobs, Wise, & Taylor, 1974 ; Kohler & Lorens, 1978) . Although some of these studies lesioned both the dorsal and median nuclei of the raphe, these dramatic increases in activity are due primarily to the destruction of the CES (Asin et al., 1979a ; Jacobs et al., 1974) .
It has become clear, moreover, that a large proportion of the cells in the median raphe are non-serotonergic (Bjorklund, Flack, & Stenevi, 1971 ; Felten & Harrigan, 1980) . Non-serotonergic neurons fire with a rapid rate of spontaneous activity ( Aghajanian et al., 1978 ) . Rasmussen et al. (1984) recently reported that these cells typically had either a much more irregular and /or a much faster firing rate than the slow and regular serotonergic cells. In the most recent study, Park (1987) also showed that the neurons continue to fire at high spontaneous rates during intracellular recording, and have brief action potentials.
Very little is known of these rapidly firing neurons in relation to behavior. Rasmussen et al. (1984) described that the behavioral state had a significant effect on discharge rate of the rapidly firing cells of the CES neurons. The arena caught animal movements, so we could record the induced current by the movement from the coil. The square observation table was placed on pneumatic suspension insulators and large rubber stoppers to reduce the vibration coming from the laboratory floor. A small coiled barrel with a tiny magnet in it was also used as slight movements detector. The tiny inner magnet was suspended by a fine human hair from the bottom of the coiled barrel, so the magnet could move within the coiled barrel. The barrel movement sensor was uprightly plugged into the IC socket of the electrode assembly on the skull. Manually operated marker signals or written notations were also used to indicate the type of movement occurring, as well as special remarks.
Each unit recording was usually done for several hours or more during the daytime. Sleep behaviors were first recorded for a few hours unitil we got enough data of slow wave sleep(SWS) and paradoxical sleep (PS) episodes. Then the various spontaneous behaviors were collected as possible, including walking, rearing, head movement, stepping, posture change, turning or circling and others as Type I behaviors, and immobility, face washing, grooming, biting or grooming forepaws, chattering the theeth, eating, scratching the fur, vibrissae movement and so forth as Type II behaviors described by Vanderwolf et al. (1975) . Type I behaviors appear to encompass primarily bahaviors of the kind that are usually called appetitive, operant, purposive, or voluntary. Type II behaviors include total immobility as well as behaviors commonly regarded as reflexive, consummatory, or automatic (Vanderwolf et al., 1975) .
After these behavioral recordings, various peripheral sensory stimulations, such as touching, pinching, air blows to the rat, petting various rat's body areas, turning on and off the room light, flickering light, hand claps, click sound, waving of a paper strip and so on, were introduced. This is to determine whether the correlation of unit firing with behavior is due to the particular behavior per se or primarily due to the particular external stimuli. (Fig. 4) . In other words, firing rates of Type II vigorous movements in Type B units showed a trend to fire at higher rates than smaller or less vigorous movements like CT or V in Fig. 4 . Referring to the mixed type of Moreover, as shown in Fig. 4 , the Type A units had a tendency to fire at higher rates than the Type B units over various behaviors examined in the present study, in general.
Firing Change at the Onset of Movements
These faster firing Type A and Type B units changed their firing rates around the onset and termination of various ongoing behaviors. Their firing changes at the termination of behaviors, however, were not so distinct. Activity changes at the onset of behaviors, therefore, will be described in this section.
More than one hundred behavioral episodes, whatever they were, were selected for each unit. These behaviors had a distinct sign of movement onset in movement sensor records and were confirmed by event -markings. Firing rates in a half second before and after the onset of behaviors were counted for each sample, and these firing rates were compared with each other. Eighty-six percent of Type A and 83% Type B units showed higher firing rate after the onset of behaviors than before. This means that both Type A and Type B units have almost the same character in their firing changes referring to the onset of currently ongoing behaviors.
However, this higher firing rate after the onset of behavior does not mean that a point of neural activity change occurred only after the onset of hehavior.
There is a possibility that the change of the firing rate did occur before and/or at the onset of behavior.
Ten inter-spike intervals were measured both backward and forward from each behavioral onset for examination of this matter. As shown in Fig. 5 , a great change in averages of inter-spike intervals occurred at the point of onset of behaviors. These mean inter-spike intervales were then cumulated and plotted in 2) Variability of the present data is expressed in SD, but SE was used in the report of Rasmussen et al. (1984) .
discharges could appear to have a dependence on a certain behavioral category as a common physiological function within the behaviors in one category. The question of how best to categorize behaviors in terms that is descriptive of behavior, is a very general one in the brain-behavior problem. In the present study, two behavioral types made by Vanderwolf, as listed in the method, were used for an analysis of character of unit discharges, since he approached with a non-inferential or behavioristic description of the activities of animals in terms of what they actually do, i. e., in terms of movements and postures (Vanderwolf et al., 1975) . In brief, Type I behaviors are of the kind that are usually called appetitive, purposive, or voluntary. Type II behaviors are immobility as well as behaviors commonly regarded as reflexive, or automatic (Vanderwolf et al., 1975) .
In the present data of the faster firing CES neurons, this behavioral categorization partly worked well, since two types of unit firings were able to be dissociated, Type A cells (41% of recorded units) has a significantly higher firing rate during Type I than Type II behaviors. Type B units (48% of the recorded units), however, did not show any dissociation of firing rates in both types of behaviors. The Type A cells, therefore, might suggest that the voluntary or purposive (Type I) behaviors are more involved in this type of cells. The Type B cells, on the other hand, might be involved in a kind of magnitude or vigorousness of movement, since more vigorous movements tended to show firings at higher rates during both Type I and II behaviors.
At all events, exactly, about 90% of the recorded cells was intimately related to the ongoing behaviors.
Present findings are in good agreement with the description by Rasmussen et al. (1984, p. 312) , i. e., "Overall, behavioral state had a statistically significant effect on the discharge rate of nonserotonergic control cells (P< 0.001, )". Unfortunately, they did not show what type of behavior was related to the unit activities and how they related to motor behaviors, except sleep-waking behavior. To the best of our knowledge the present study is the first report that has answered to this question.
The most noteworthy finding in the present results was burst firings at onset or initiation of behavior in both Type A and Type B units. The numbers of discharges fired before and after the behavioral onset in Type A units did not differ from those of Type B units. The bursting started around the 5th discharge prior to onset of behaviors and was kept up to around the 5th neural activity after the onset, regardless of the present unit types. This may mean that several neural firings in very shorter inter -spike intervals could be related to initiation of various motor movements, though it is premature to conclude now. Moreover, intervals between the time when the bursting started or ended and the behavior onset, might not be important, because these time intervals were totally dependent on each firing rate from unit to unit.
Electrolytic lesions of the CES lead to pronounced hyperactivity which is due to the non-serotonergic cells, because serotonin depletion or damage of serotonergic cells did not change bahaviors. It has been well established, moreover, that neuronal elements whithin the CES of raphe are able to exert a powerful influence on locomotor activity to make dramatic increase (Wirtshafter, Montana, & Asin, 1986) . Some findings suggest that cells within the CES exert an inhibitory control over locomotor activity, by means of intra-CES injection of the GABA agonist muscimol (Klitnick, Wirtshafter, & Asin, 1985) and of kainic acid injection in the CES (Wirtshafter & McWilliams, 1987) . The very recent study by Wirtshafter et al. (1987) found that intra-CES injection of the excitatory glutamate analogue kainic acid caused hypoactivity.
This result means that excitation of cells within the CES has an inhibitory control on overactivity in motor behaviors, and that the hyperactivity by electrolytic lesions might be due to dysfunction of this inhibitory effect.
From the present data in which the burst or higher firings appeared around behavior onsets, it is premature to conclude that the present CES neurons have an excitatory-or an inhibitory-effect on initiation of behaviors. 
